ABSTRACT Background: Data on the protein requirements of elderly adults are limited, because it is impractical to conduct repeated nitrogen balance protocols in these vulnerable humans. Objective: This study was designed to determine the dietary protein requirement of elderly women by using the recently developed minimally invasive indicator amino acid oxidation (IAAO) technique. Design: Six white women aged 80-87 y [mean 6 SEM: 82 6 1 y and body mass index (in kg/m 2 ) 26 6 2] completed a 3-d protocol 7 times. Each woman consumed an adaptation diet for 2 d and on day 3 consumed a complete test diet with a crystalline amino acid mixture containing 1 of 7 protein intakes (0.1, 0.3, 0.6, 0.9, 1.2, 1. 
INTRODUCTION
The dietary protein needs of humans are described by using the terms Estimated Average Requirement (EAR) 4 and Recommended Dietary Allowance (RDA) (1) . In healthy adults, the EAR of protein is 0.66 g $ kg 21 $ d 21 and presumably meets the protein needs of 50% of the adult population. The RDA is 0.80 g $ kg 21 $ d
21
-an intake that theoretically meets the protein needs of 97.5% of the adult population. These values are derived from a meta-analysis of 19 nitrogen balance studies (2) , among which only one studied elderly adults (3) . Although the meta-analysis found a 26% greater protein requirement in elderly than in young adults, this difference was not statistically significant; thus, the current EAR and RDA for protein are the same for all apparently healthy adults. Metabolic and physiologic changes occur with aging and may lead to protein requirement changes in elderly adults (4) . Indeed, a weighted mean protein requirement was calculated at 0.91 g $ kg 21 $ d
(38% higher than the EAR) (7) when data from 4 short-term nitrogen balance studies in elderly subjects were integrated (3, (5) (6) (7) . However, after the current Dietary Reference Intakes (DRIs) for protein was released, Campbell et al (4) measured nitrogen balance in young and elderly adults; the results suggest that protein requirements are not different between age groups and are not different from the EAR. Currently, data obtained from elderly adults are very limited, and debate continues about whether the RDA for protein is adequate for elderly adults (8) (9) (10) (11) (12) (13) (14) . Nitrogen balance is the foundation of the current EAR and RDA for protein. It has served as the standard technique to measure protein requirements and remains the only method with sufficient data to make recommendations. The primary reason that data in elderly adults are limited is that nitrogen balance requires strict dietary control (ie, consumption of prescribed amounts of protein for several weeks) and multiple 24-h collections of urine and stool, which are logistically very demanding and not practical for elderly adults. Alternative methods that are short term and less invasive are more suitable to use in such populations. The minimally invasive indicator amino acid oxidation (IAAO) technique may serve as a tool to address this important scientific need. It is based on the concept that dietary amino acids are partitioned between incorporation into protein or oxidation, because there is no significant storage of amino acids in the human body (15) . When a range of test amino acids/test proteins are fed, monitoring the oxidation rate of the indicator amino acid (an indispensable amino acid), which reflects the utilization of other amino acids/proteins, can be used to determine the amino acid/protein requirement. The IAAO technique has been used extensively to measure amino acid requirements (16) (17) (18) and recently the protein requirements of children (19) and young men (20) .
Because of limited data and the demanding procedures required to determine nitrogen balance, in 2005, the Institute of Medicine of the National Academies report on the DRIs for protein recommended research to assess the protein needs of elderly adults, especially those aged 80-100 y, with the use of new methods-other than nitrogen balance measures (1) . Most of the elderly population is women and based on NHANES 2003-2004 data, elderly women consume the least amount of protein of the populations surveyed (21) . Thus, the aim of this study was to assess the protein requirement of women aged $80 y by using the IAAO technique.
SUBJECTS AND METHODS

Subjects
Potential subjects were recruited via community postings in the greater Lafayette and West Lafayette, IN, area and Purdue University campus e-mail. An off-campus research laboratory was set up at a local retirement facility (University Place, West Lafayette, IN) and served as the clinical testing site. The Purdue University Biomedical Institutional Review Board approved the study protocol, and each subject signed an informed-consent form before enrollment. The inclusion criteria were as follows: 1) female aged 80 y or older, 2) BMI (in kg/m 2 ) between 20 and 30, 3) stable weight (,4.5 kg weight gain or loss within the past 6 mo), 4) no smoking (within the past 6 mo), 5) ambulatory, 6) blood profiles within 10% of clinical normalcy, 7) no diseases or no use of medications known to influence protein or energy metabolism, 8) willingness and ability to consume the foods and beverages provided, 9) no allergies to phenylalanine, and 10) continence. Each subject received a monetary stipend for participating in the study. Eleven white women showed interest and completed the screening procedures (height, weight, fasting blood sample, and medical history questionnaire). Two were disqualified because of medical conditions, and one woman had a stroke and was no longer willing to participate. Eight women started and completed the study protocol. Data from 2 women who were diabetic were excluded from the final analysis because their patterns of response to the 7 protein intakes were different. Thus, data from 6 participants are reported.
Study design: 3-d protocol
This study was based on the minimally invasive IAAO protocol (22) used previously in young men (20) . Each participant completed the same 3-consecutive-day protocol 7 times. On days 1 and 2, the subjects consumed an adaptation diet; on day 3, they participated in an 8-h testing period. Each 3-d protocol was separated by $1 wk (washout period), and all 8 participants completed the study within 3 mo. At the start of the protocol, subjects were asked to stop consuming over-the-counter supplements and were provided with a multivitamin/mineral supplement to consume daily (Centrum Silver; Wyeth Consumer Health Care).
The adaptation diet for days 1 and 2 of each 3-d protocol was developed by using Pronutra (release 3.2; Viocare Technologies Inc) metabolic feeding study software. All foods were prepared and distributed at the Indiana Clinical Research Center bionutrition facility at Purdue University. The diet contained 30% of energy as fat, 1.0 g protein $ kg 21 $ d 21 and variable amounts of carbohydrate. The energy need of each subject was calculated based on estimated energy requirements from the report of the Institute of Medicine DRIs for energy and macronutrients (1) with an activity level of 1.12 (low activity). A standard menu that was used for the adaptation diet is shown in Table 1 . Food items were substituted if the subject was allergic to the item or could not tolerate certain foods. Each subject was provided all foods and beverages for 2 d before each testing day. Foods and beverages were packaged for consumption outside the bionutrition facility. The subjects were instructed to consume all of the foods and beverages provided and to not consume any other items (other than water, which was consumed ad libitum). The same diet was repeated on the 2 days before each of the 7 testing days.
Study design: testing day
On the morning of each of the 7 testing days, the subjects came to the research laboratory after having fasted for 10 h. After body weights and blood glucose concentrations were measured, the subjects consumed 8 isoenergetic testing-day drinks at hourly intervals. Each drink contained one-twelfth of the subject's total daily energy requirement, a protein-and amino acid-free diet powder (powders 1 and 2; Mead Johnson), and the crystalline amino acid mixture (Ajinomoto AminoScience LLC). They consumed 30% of energy from fat and 70% of energy from carbohydrate and protein. Seven dietary protein intakes were tested randomly on the 7 testing days: 0.10, 0.30, 0.60, 0.90, 1.2, 1.5, and 1.8 g protein $ kg 21 $ d
21
. The amino acid composition was the same as egg protein, except for phenylalanine and tyrosine (which were held constant as described below), and the quantity of the mixture reflected various protein intakes on different testing days ( Table 2) .
The tracer protocol started with drink 5, and 21 to ensure an excess of tyrosine. The quantity of phenylalanine and tyrosine both exceed the requirements to make sure that their intakes were sufficient for protein synthesis at the various protein intakes. Breath and urine samples were collected periodically before and after the tracers were consumed and were later analyzed for 13 CO 2 and [1- Although oxidation was higher for the enteral tracer than for the intravenous tracer, the overall breakpoint estimation was not affected by the absolute oxidation level because it was higher at all protein intakes.
Sample collection and analysis
Three baseline breath samples were collected at 45, 30, and 15 min before and 2 baseline urine samples were collected 55 and 5 min before the tracer protocol began. Four plateau breath and urine samples were collected (one each at 30-min intervals) starting 2.5 h after the tracer protocol began. Breath samples were collected by having subjects breath into a plastic tube, and samples were stored in preevacuated glass tubes at room temperature. Urine samples were collected with the aid of a urine collection hat. The samples of urine collected into the container were quickly transferred into freezer tubes and stored at -808C until thawed and analyzed for [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] C]phenylalanine enrichment. The rate of carbon dioxide production was measured on each testing day by using a ventilated-hood indirect calorimeter (Parvo TrueOne 2400) between testing drinks 5 and 6 to quantify 13 CO 2 excretion in breath. Also, each subject's resting energy expenditure (kcal/d) was recorded simultaneously by using the indirect calorimeter.
Enrichment of 13 C in breath samples was analyzed by using continuous-flow isotope ratio mass spectrometry (Thermo Fisher GasBench II and Delta V mass spectrometer). The isotope enrichment of each sample was calculated as atom percentage excess. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] C]Phenylalanine enrichment in the urine samples was analyzed with gas chromatography-mass spectrometry and calculated as mole percentage excess (MPE). Amino acids in urine samples were derivatized to their heptafluorobutyryl isobutyl esters. The capillary gas chromatography-mass spectrometry analyses were carried out by using an Agilent 5975C (Agilent Laboratories) mass spectrometer system. Typical electron energy was 70 eV with the ion-source temperature maintained at 2508C. The individual components were separated by using a 30-m HP-5 capillary column (250 mm internal diameter 3 0.25-mm film thickness). The flow rate was typically set at 1 mL/min. The m/z of the fragment ions at 148 and 149, which quantitatively represents unlabeled and labeled [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] C] phenylalanine, was monitored on ion chromatograms.
Tracer kinetics
Tracer kinetics were calculated by using a single-pool model described previously (24 where FCO 2 is the carbon dioxide production rate (mL/h), ECO 2 is the 13 C enrichment in breath, and Wt is body weight (kg). A factor of 0.82 was used to account for the fractional retention of 13 CO 2 in the bicarbonate pool. A factor of 100 was used to convert atom percentage excess to a fraction.
Phenylalanine flux (mmol $ kg 21 $ h
21
), which equals the phenylalanine rate of appearance at steady state, was calculated from the dilution of orally administered [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] C]phenylalanine into the plasma pool:
where E i is the enrichment of orally administered L-[1-13 C]phenylalanine (MPE), E u is the enrichment of [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] C]phenylalanine in urine (MPE), and i is the infusion rate of L-[1-
was calculated as follows:
Plasma and urinary phenylalanine are not considered suitable pools for estimating phenylalanine hydroxylation/oxidation because they are not a true reflection of the pool where oxidation takes place. Enrichments measured from apolipoprotein B-100-a hepatic export protein-is a more appropriate estimator (25) . However, the use of F 13 CO 2 to estimate the breakpoint generates results similar to those with the use of apolipoprotein B-100 enrichment to estimate phenylalanine hydroxylation (26) . Therefore, F 13 CO 2 data were used to determine the protein requirements.
Clinical measurements
Fasting-state body weight was recorded on the morning of each testing day by using a platform scale. Percentage body fat was measured via bioelectric impedance (Tanita 2202/um-016) on the morning of the last testing day. Fat-free mass (FFM) was calculated as body weight (kg) 3 (1 2 percentage body fat/100). The fasting blood glucose concentration was measured on every testing day with a finger-prick test (Accu-chek Aviva Blood Glucose Meter). Fasting-state blood samples were collected on testing days 1, 3, and 7, and data from a clinical chemistry panel, prealbumin, and complete blood count with differential were used to monitor each subject's health status throughout the study period.
Statistical analysis
Previously, Humayun et al (20) studied the protein requirements of 8 young men by using the IAAO technique. We proposed to recruit 10 subjects with $5 completing the trial; the potential dropout rate was 50% because of the age of the population to be studied. The Purdue Institutional Review Board approved our recruitment of up to 15 subjects.
The results are reported as means 6 SEs. Statistical analyses were performed by using SAS (version 9.2.1; SAS Institute Inc). A PROC Mixed model was used to test the effect of protein intake on resting metabolic rate and phenylalanine flux and oxidation. Tukey-Kramer's multiple comparison was used for post hoc analysis. A P value ,0.05 was considered significant.
The data were analyzed by using a 4-parameter nonlinear mixed model. The model assumes that protein requirements are normally distributed. The mean and the variance of this distribution are 2 parameters of the model. A piecewise linear function is fit to the data. The breakpoint, or knot, is designated as the mean of the requirement. The data with the fit are shown in Figure 1 . The additional 2 parameters of the model are the slope to the left of the breakpoint and the constant value of the function to the right of the breakpoint. The figure does not show the parameter that describes the variability of the protein requirement, the variance. We used the SAS Procedure NLMIXED for the analysis. Note that this mixed model is somewhat different from the mixed models fit by the SAS Procedures MIXED, GLM, and similar statistical software, where the random effect is an additive term in the model for the response variable.
The Institute of Medicine report on dietary protein needs (1) defines the EAR for protein as the median of the requirement distribution and the RDA as the 97.5th percentile of the requirement distribution. For a normally distributed data set, the median and mean are equal, so the EAR for protein is the mean of the requirement distribution. The RDA is the mean plus 1.96 (or 2) SD. The SAS Procedure NLMIXED used for our analysis not only provides estimates of the 4 parameters, but is also capable of providing estimates for arbitrary functions of the parameters with CIs. Using this approach, we obtained estimates with 95% CIs for the EAR and the RDA (the estimated mean of the requirement distribution plus 1.96 times the square root of the variance of this distribution).
In the section on protein requirements for adults, the Institute of Medicine report (1) suggests that the distribution of protein requirements is log normal, ie, the log of the requirement is normally distributed. Given the number of subjects in this study, the data do not provide sufficient information to guide a choice between the normal assumption and the log-normal assumption. We present the results for this alternative model and an approximation for the RDA (1.24 times the EAR) suggested in the Institution of Medicine report (1).
RESULTS
Subject characteristics
The age range of the 6 women who completed the study and were not diabetic was 80-87 y (82 6 1 y). The average weight, height, BMI, and FFM of the subjects were 68 6 4 kg, 160 6 4 cm, 26 6 2, and 40 6 1 kg, respectively. The women maintained their body weights while completing the 7 testing periods, and protein intake did not affect the fed-state resting energy expenditure (1371 6 66 kcal/d).
Phenylalanine flux and oxidation
Protein intake did not significantly affect phenylalanine flux ( Table 3 ) (P = 0.46). The nonsignificant phenylalanine flux suggests that changes in protein synthesis are correspondingly reflected by changes in oxidation, although no changes in synthesis (flux minus oxidation) were observed. Phenylalanine oxidation was significantly affected by protein intake, and it declined overall with the increases in protein intake (Table 3) . However, significant reductions were observed only at protein intakes of 1.5 g $ kg 21 $ d 21 compared with 0.1 and 0.3 g $ kg 21 $ d 21 (P , 0.05) but not at any other higher or lower intakes.
Protein requirement
The relation between F 13 CO 2 and protein intake is shown in Figure 1 . F 13 CO 2 decreased as the protein intake increased, consistent with an increase in incorporation of L-[1-
13
C]phenylalanine into protein. This increase in label incorporation continued until protein intake reached the protein requirement and there was no further label incorporation into protein.
As described in the statistical analyses section of the methods, the protein requirement of these elderly women was estimated 3 ways. Assuming that the data were normally distributed, the estimate (95% CI) for the mean protein requirement is 0.85 (0.60, 1.09) g $ kg 21 . The approximation of the RDA using 1.24 times the EAR is 1.05 (0.75, 1.35). The log-normal assumption for the distribution of requirement gives a higher estimate than those based on the normal assumption, whereas the approximation of 1.24 times the mean protein requirement gives a lower estimate of the adequate protein allowance. 1 All values are means 6 SEs; n = 6. Values in the same column with different superscript letters are significantly different, P , 0.05.
2 Repeated-measures ANOVA was used to assess the effects of different protein intakes on phenylalanine flux and oxidation. Tukey-Kramer's multiple comparison was used for post hoc analysis if the model was significant. Protein intake on different testing days had no significant effect on phenylalanine flux (P = 0.56). 3 The model of protein intake and phenylalanine oxidation was significant (P , 0.05). Post hoc analysis (Tukey-Kramer) was used to test which phenylalanine oxidation values were different from one another. Phenylalanine oxidation at an intake of 1.5 g protein $ kg 21 The usual model-fit criteria (Akaike information criterion, Akaike information criterion for finite sample sizes, and Bayesian information criterion) did not provide an indication that one of the models (normal or log normal) was superior to the other. The estimates of the model parameters were as follows: slope, 20.987; breakpoint mean, 0.847; variance of breakpoint, 0.0234; constant value to the right of the breakpoint, 0.730; and residual variance, 0.0129.
DISCUSSION
In accordance with recommendations of the Institute of Medicine (1), this study assessed the protein needs of octogenarian women by using a technique other than nitrogen balance, namely the IAAO technique. This was the third study that measured protein requirements in humans with the use of the IAAO approach. We modified the IAAO method to make it minimally invasive so that it could be used in vulnerable groups, such as children and the elderly, in whom repeated nitrogen balance studies are an intolerable burden (19) . The results of this study suggest that the protein requirement of octogenarian women may be higher than the current EAR, but multiple factors and issues must be considered before accepting these data and the interpretation that elderly women need to consume more protein to prevent inadequacy.
One important methodologic concern raised by Millward and Jackson (27) was that, because constant intakes of phenylalanine and tyrosine were used with increasing amounts of all other amino acids in the meals, the relative concentration of the indicator phenylalanine in the meals varied. Millward and Jackson argued that the curvilinear reduction in the relative phenylalanine concentration of the meal is similar to that of the reported oxidation of the tracer phenylalanine, as shown in Table 3 . They also argued that the apparent breakpoint in tracer oxidation coincided with the amino acid intake, which was balanced in terms of the phenylalanine content of the egg-protein pattern used in the meals. In other words, Millward and Jackson suggested that phenylalanine given in the IAAO method became the limiting amino acid after it was balanced according to egg-protein amino acid composition. However, regardless of the protein intake, the total aromatic amino acid concentration is always 70 mg $ kg 21 $ d
21
, which is higher than the aromatic amino acid requirement and thus could not be "balanced" by increasing protein intake. With sufficient tyrosine, the concept of the IAAO approach is to keep the phenylalanine content constant and sufficient at any protein (amino acid mixture) level to reflect the protein oxidation rate. The authors agree with Millward and Jackson that the relative concentration of phenylalanine is lower when the protein intake is higher. In their letter to the editor of The American Journal of Clinical Nutrition, Millward and Jackson (27) , a theoretical figure was presented to show the relative concentration of the indicator amino acid phenylalanine with the increase of total protein intake. When the relative concentration of phenylalanine equals 1, protein intake calculates to 0.56 g $ kg 21 $ d 21 , which is different from the observed breakpoint of the current study of 0.85 g $ kg 21 $ d
. It is interesting to note that, in the hypothetical figure, the phenylalanine intake levels are included for the study of protein requirements from young men (20) and schoolage children (19) . For both studies, a similar relation in relative phenylalanine intake exists, but yields a breakpoint estimate
for school-aged children. This suggests that the oxidation of the tracer is reflecting the overall pattern of the demand for net postprandial protein synthesis and not its own excess or limitation. Also, consistent with the results of the current study (Table 3) , phenylalanine flux did not change with increasing intakes of protein (19, 20) , and a plateau in tracer oxidation was observed beyond the breakpoint. All of these observations suggest that phenylalanine intakes were not limiting at any test protein intake. After publication of the study of protein requirements in children (19) , several concerns with the IAAO technique were raised and addressed (27) . The key methodologic concern that Millward and Jackson (27) raised was that, because constant intakes of phenylalanine and tyrosine were used, the "relative concentration of phenylalanine indicator" fell in a curvilinear manner similar to that of the oxidation of the tracer phenylalanine. They suggested that this cast into question the application of the IAAO approach to determine the protein requirement. However, this concern presupposes that the rate of phenylalanine oxidation is determined by the "relative concentration of phenylalanine indicator" rather than by (as we argue and designed our study) the total amino acids available to optimize whole-body protein synthesis-indicator oxidation being the reciprocal of whole-body protein synthesis. A fundamental point is that the pattern of indicator oxidation is what is critical and not the absolute rate of oxidation. A clear example of this point is an earlier study in which the lysine requirement was determined by using either an intravenous tracer or an oral tracer (23) . Oxidation of the oral tracer was greater than the intravenous tracer, but the requirement breakpoint was the same.
The mathematical approach used to analyze data is another important issue that limits confidence in accepting the current results. The IAAO-derived EAR of protein is calculated by using a nonlinear (breakpoint) model. For the current protein DRIs (1), the nitrogen balance-derived EAR was obtained by fitting a straight line between protein intakes and nitrogen balance, with the protein intake at which the nitrogen balance is interpolated to zero considered the protein requirement. Using this linear mathematical approach, we determined that age does not influence the protein requirement for adults, and the current EAR is apparently adequate for young and elderly men and women (4). We studied young (21- (4)].
The linear model was questioned because nitrogen utilization changes with protein intakes (20) : when the intake of protein increases, the efficiency of protein utilization decreases. A biphase linear regression was proposed as an alternative approach and better fit the data. However, the paucity of nitrogen balance data with protein intakes .1 g $ kg 21 $ d 21 limits the utility of applying the biphase model. Rand et al (2) commented that, "whereas a biologically more realistic equation is certainly the best approach. (when) data exist covering a wide range of intakes. in this relatively narrow range of intake data in the adult, the response curve is best approximated by a (simple) linear regression." Thus, although it is desirable to use a biphase linear model, the currently available nitrogen balance data are not ideal for the model. Nonetheless, in addition to using a linear model, Rand et al (2) applied a biphase model to the data set used for the meta-analysis on which the current EAR and RDA are based. The resulting EAR was 18% higher than the EAR obtained with the linear model. Later, Humayun et al (20) included 28 nitrogen balance studies to reanalyze the data by using a biphase linear regression, and the estimated protein requirement was 40% higher. Use of nonlinear regression to reanalyze the existing nitrogen balance data gave a mean breakpoint estimate of 0.91 g $ kg 21 $ d
, which was virtually the same as the IAAO estimate for men of 0.93 g $ kg 21 $ d 21 (20) . These varied mathematical approaches to analyzing nitrogen balance data have important implications for how the IAAOderived protein EAR is viewed. The IAAO-derived EAR for protein is quantitatively more consistent with the corresponding nitrogen balance-based value estimated by using nonlinear rather than linear regression. However, the EAR from nonlinear regression is not the accepted value for the DRIs, and the decision regarding which nitrogen balance-based EAR value to accept is unlikely to be experimentally resolved because largescale controlled feeding studies with concurrent measurements of nitrogen balance and IAAO are unlikely to be done. In light of the uncertainties and limitations of nitrogen balance and IAAO, both of which are short-term estimates of protein needs, the suggestion from the current study that the protein requirement of elderly women is higher than currently thought must be confirmed by longer-term studies of body composition, physical and cognitive function, and health outcomes (28) . We recognize that these types of studies are very difficult and costly to conduct in elderly adults, and it is not ethical to test a very-low protein/ nitrogen diet for a prolonged time because of profound adverse physiologic and functional effects (29, 30) . Nonetheless, the accurate assessment of dietary protein needs of elderly adults will be greatly aided by systematically measuring longer-term physiologic outcomes.
Another limitation of the current study was that the estimation of RDA had a large CI because of the relatively large betweensubject variance. We acknowledge that the sample size of the current study was relatively small; thus, the CI of the estimated protein requirements (mean and lower CI level) overlapped with the current EAR and RDA. Although the estimated means of the current study are higher than the EAR and RDA, they may not be significantly different based on the sample size. Also, although adaptation length (1, 3, or 7 d) did not affect amino acid oxidation (31), whether longer adaptation would affect the results is still unknown. Future studies should consider measuring longer-term functional and physiologic outcomes that could be affected by a low protein intake.
Findings from some nitrogen balance studies support that the current RDA for protein is adequate for elderly adults (4, 5) , whereas other findings do not (7, 30, 32) . Healthy elderly adults retain the capacity to adjust protein metabolism when different protein intakes that span the range of adequacy are consumed (7-9, 30, 33, 34) . When elderly adults consume the RDA, these adjustments are necessary to help them adapt, as opposed to accommodate (ie, compromise physiologic functions) (7) (8) (9) . On the basis of findings from prospective, short-term controlled feeding studies (8, 9, 30) , the current RDA provides adequate protein to blunt negative accommodations to skeletal muscle and immune function (30) but may not be sufficient to completely prevent more subtle accommodative responses to body composition. In a controlled-feeding study, 10 men and women (aged 54-78 y) consumed an energy-balanced diet that provided the RDA of protein for 14 wk (8) . Over time, muscle strength and whole-body muscle mass did not change, but FFM, midthigh muscle area, and total body water decreased, which suggests that the RDA for protein might be marginally inadequate for elderly people (8) . Old adults (70-79 y) who consumed the highest quintile of protein intake (1.2 g $ kg 21 $ d 21 ) lost 40% less lean mass than did those who consumed the lowest quintile (0.7 g $ kg 21 $ d 21 ) over a 3-y period (10) . This finding has been used to support that elderly adults need to consume protein intakes above the RDA (9) . However, the protein intake of the lowest quintile group was below the RDA, and the changes in lean body mass over time were not different between the groups that consumed the RDA or 150% of the RDA. Also, the greater loss of lean body mass was only apparent when subjects consuming less than the RDA also lost weight (10) . Thus, higher protein intakes may not help weight-stable elderly adults retain lean body composition, which could be interpreted as support for the adequacy of the RDA for protein. Collectively, these findings suggest that the current RDA for protein might be marginally inadequate for elderly adults, especially to promote long-term health (8) , ie, it is a suggested minimum intake and not necessarily a preferred intake. The current IAAO results support this perspective.
Because FFM is the primary determinant of the protein requirement, it is important to consider protein needs per FFM as well. Elderly people typically have less FFM than young adults, which may lead to a higher protein requirement when expressed per FFM. In the current study, the mean protein requirement per FFM is 1.41 g $ kg FFM 21 )
. These values are also higher than those estimated by using nitrogen balance (4) .
Consumption of an inadequate amount of protein could accelerate muscle loss with aging (30) and lead to sarcopenia, which affects 30% of people older than 60 y and 50% of those older than 80 y (35) . Muscle loss in elderly adults increases the likelihood of falls and the inability to perform routine daily activities (36) . Increasing protein intake could increase muscle protein synthesis (37) because of increased amino acid availability (38) . Finding the accurate protein requirement is important because the current RDA is widely used by health care professionals and government programs, such as Meals on Wheels, as the adequate protein intake for elderly people to consume (39) . Research is also needed to assess the effects of age, sex, and sarcopenic status on protein intakes to maximize physical, cognitive, and metabolic functions in this fast growing population. Because the IAAO technique is short term, current research shows that it can be used in vulnerable groups, such as elderly people. However, it cannot be used to evaluate long-term health status. New approaches to determine protein needs based on indexes of health status must be established.
In conclusion, the results of this study, which assessed the protein requirement of elderly women by using the IAAO technique, indicate that this technique is feasible to use with this age group in a research setting and suggests that octogenarian women may have a higher protein requirement than currently indicated by the EAR. Caution is warranted before this result is used to question the accuracy of the current EAR because of the lack of direct comparisons between nitrogen balance and IAAO estimates of protein need, uncertainties and controversies surrounding the use of the method to determine protein requirements, and the need for confirmatory research based on physiologic and health outcomes.
